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Abstract. Ultrafine partilces (UFP) has become 
important concerns of people due their identified 
impacts on human health. The contribution of UFP 
on indoor air quality (IAQ) is another thing that 
attracts an attention for investigation. This study 
performs the measurements of outdoor indoor UFP 
concentrations in lecture rooms. The aims were to 
measure the UFP concentrations in the lecture 
rooms, and also to estimate the relationships 
between outdoor UFP concentrations and indoor 
UFP concentrations. The results showed that the 
UFP concentration in the lecture rooms varied 
between 1.0 x 103 particles/cm3 and 4.1 x 103 
particles/cm3. The indoor UFP concentrations were 
found proportional to the outdoor UFP 
concentrations. And I/O UFP concentration ratio 
was obtained more than 80 %.  
 
I. INTRODUCTION 
Indoor air quality (IAQ) has been considerable 
concerned over last year related to human health [1, 
2], The previous studies have shown a significant 
correlation between IAQ  and morbidity [2-6]. Poor 
IAQ has identified to reduce the personal ability to 
perform specific mental activities requiring 
concentration, calculation, or memory [1, 7], cause 
allergic and infection diseases [8-10], affect 
scholarly performances (teaching/learning 
activities) and group behavior [6]. A number of 
factors influencing IAQ such as: air supply or 
ventilation system [11-15], indoor factors [16], 
temperature and humidity [2, 17].  
 
Indoor air quality in terms of particles has been 
studied in houses [16, 18-21], offices [13] and 
classrooms [22-25]. Indoor/ outdoor concentrations 
of PM10 and PM2.5 have been conducted in offices 
during dust storm season [18], in urban/industrial 
areas [19], and residences [26-29].  
 
This study measured the outdoor / indoor 
concentrations of ultrafine particles (UPF) in 
university classes. The measurements were focused 
on ultrafine particles due to their significant 
impacts on human health. UFP has been found to 
deposite in the human lung [30, 31] and penetrate 
the lung epithelium and translocate through the 
circulation system to other organs, including the 
heart [32-34]. The study was aimed to measure the 
concentraion of UPF in classes and to determine 
the relationships between indoor / outdoor 
concentrations of UPF. 
 
II. METHODOLOGY 
2.1. UPF Measurements 
The measurements of Indoor and outdoor UFP 
concentrations were carried out using a portable 
ultrafine particlce counter P-Trak TSI 8525  
capable of measuring ultrafine particles as small as 
20 nm in diameter. The P-Traks were set for 
operating on 10 min of each hour. The sampling 
interval was on a 10 seconds. Both P-Traks were 
located indoors and outdoors of the classes. The 
sample flow rate through was set at 0.7 liters per 
minute (L/min). The  devices were placed in the 
center of every room and in an average 110 cm 
height. The measurements were performed during 
lecturing hours starting from 7.00 am to 16.00 pm 
for two weeks  [23, 35]. During the hours, there 
were learning processes happening as usually with 
variation of presence students  depending on the 
schedulled subject. 
 
2.2. Measurement Location  
The ultrafine measurement were conducted in and 
out of two classes owned by the Physics 
department, Faculty of Sciences, Brawijaya 
University, Malang, Indonesia. The classes situated 
in the Physics department building are named RF1 
and RF2 room. The characteristic of the classrooms 
are described in Table 1. The room  RF1 is larger 
almost twice rather than the room RF2. The Room 
RF1 is equiped with two air conditions while the 
room RF2 with a single air condition. Both rooms 
provide a whiteboard, a LCD, and a LCD screen. 
And the rooms have 1 entrance door with the 
dimention of 180 x 200 cm2 for the room RF1 and 
90 x 200 cm2 for the room RF2. 
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Table 1. Characteristic of the classrooms 
Room Area (m2) 
Volume 
(m3) Room facilities 
RF 1 79,60 238,65 
1 whiteboard, 1 
LCD, 1 LCD 
screen, 2ACs, 52 
chairs, 1 table  
RF 2 40,19 140,66 
1 whiteboard, 1 
LCD, 1 LCD 
screen, 1 AC, 40 
chairs, 1  table  
 
2.3. Influencing Factors  
A number of factors that may influence the 
ultrafine concentration in the classroom such as: air 
flow rate, humidity, temperature were measured 
during conducting the measurements [11, 12, 17]. 
Air flow was measured using an anemomaster 
A031 Kanomax. Temperature and humidity were 
measured using an analog hygrometer. The 
measured humidity and temperature during a week 
campaign were presented in Figure 1 and 2. 
  
Figure 1. Measured humidity and temperature during a 
week campaign for room RF1 
                                                                        
Figure 2. Measured humidity and temperature during a 
week campaign for room RF2.  
 
2.4. Data Analysis 
The indoor and outdoor UFP concentrations were 
measured with some high observations. Statistical 
analysis (correlation, regression, and t-test) calculated 
using SPSS for Windows version 10. Temporal 
variability of indoor and outdoor levels was 
examined by plotting the indoor and outdoor levels 
over the weekly period. The robust analysis was 
applied for unnormal distribution data [16]. The 
coefficient of divergence (COD) was also used as a 
relative summary measure of the differences of 
measurements over time between two locations 
[36-38]. 
III. RESULT AND DISCUSSION 
3.1. Ultrafine particle Concentrations 
  
Figure 3. The average concentration and deviation 
standard of ultrafine particles measured for the 
campaigns for room RF1. 
 
 
Figure 4. The average concentration and deviation 
standard of ultrafine particles measured for the 
campaigns for room RF2. 
 
The ultrafine particles measured during the 
campaigns were presented in Figure 3 and Figure 4. 
Each point on the graph represents the average 
particle concentration, as well as the standard 
deviation,calculated at each day. In general, the 
outdoor concentrations were found higher than the 
indoor concentrations at both rooms. High standard 
deviation of the outdoor concentrations was caused 
by the UPF concentrations were varied from time 
to time. The highest concentrations were found in 
the morning meanwhile the lowest concentrations 
were measured in the afternoon. The other factor 
that might influence the outdoor concentration was 
motorbike passing near the Physics deparment. 
Meanwhile large deviations of indoor 
concentrations were possible caused by air flow 
rate, humidity, temperature measurements [11, 12, 
17], and amount of students in the rooms. The 
students having a lecture were varied for different 
times. 
 
Figure 3 shows the outdoor and indoor 
concentrations of UFP of the room RF1.  For 
outdoor of the room RF1, the UFP concentrations 
was found high on Tuesday  with the average 
concentration of  (10 ± 7.2) x 103 particles/cm3 and 
followed  by on Monday with the concentration of  
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(9.7 ± 6.4)  x 103 particles/cm3.  The lowest average 
concentration of UFP of  (4.4 ± 1.7)  x 103 
particles/cm3 was obtained on Wednesday.  The 
average UFP concentration on Thursday and Friday 
was (5.8 ± 4.3)x 103 particles/cm3 and (6.5 ± 3.7) x 
103 particles/cm3 respectively.  The same trend is 
obtained for the indoor UFP concentrations. On 
Tuesday and Monday, the UFP were measured high 
with the concentration of (9.0 ± 3.6) x 103 
particles/cm3 and (7.7 ± 3.4) x 103 particles/cm3. 
The smallest amount of the UFP concentration of 
(2.9 ± 1.5) x 103 particles/cm3 was on Wednesday. 
Meanwhile the indoor concentration of UFP on 
Thursday and Fridsay was (4.6 ± 1.0) x 103 
particles/cm3 and (6.3 ± 4.1) x 103 particles/cm3.  
The UFP concentrations observed in the room RF2 
ranged from 4.3 x 103 particles/cm3 to 9.9 x 103 
particles/cm3 for outdoor as presented in Figure 2b. 
The highest concentration was found on Monday 
with the conentration of (9.9 ± 6.5)  x 103 
particles/cm3.  Significant high concentration of 
UFP was measured on Tuesday, Thursday, and 
Friday with the concentration of (7.2 ± 2.4) x 103 
particles/cm3, (6.3 ± 2.9) x 103 particles/cm3, and 
(6.5 ± 3.7)x 103 particles/cm3 respectively. The 
lowest UFP concentration was obtained on Friday 
Wednesday with the concentration of (4.5 ± 1.8) x 
103 particles/cm3. For indoor concentration in the 
room RF2, The similar trend is also obtained as the 
outdoor concentrations. The highest UFP 
concentration was measured on Monday with the 
concentration of (7.9 ± 3.0) x 103 particles/cm3, 
meanwhile the lowest concentration was found on 
Wednesday with the concentration of (3.5 ± 0.8) x 
103 particles/cm3. The UFP concentration of 
Tuesday, Thursday, and Friday was (6.7 ± 2.8) x 
103 particles/cm3, (4.7 ± 2.6) x 103 particles/cm3, 
and (4.1 ± 1.3) x 103 particles/cm3.  
3.2. Indoor-outdoor relationship 
The relationship between indoor concentrations and 
outdoor concentrations of UFP was calculated by 
plotting the indoor concentrations versus the 
outdoor concentrations as presented in Figure 3.  
  
Figure 5. Relationships between indoor and outdoor 
concentration measured for room RF1. 
 
Figure 6. Relationships between indoor and outdoor 
concentration measured for room RF1. 
 
Figure 5 and 6 show the correlation between 
outdoor and indoor concentrations measured for the 
room RF1 and RF2. The indoor concentrations are 
significantly proportional to the outdoor 
concentrations with the linearity presented by the 
equation of y =0.2873x+2728 with the R2 factor of 
0.84 for the room RF1 and y=0.651x+518 with the 
R2 factor of 0.79 for the room RF2. Increasing 
outdoor UFP consentrations causes raising indoor 
UFP concentrations. The high indoor UFP 
concentrations was measured when the outdoor 
UFP concentration was high. This happened in the 
morning.  And the indoor UFP conentrations were 
found low in the afternoor when the outdoor UFP 
concentrations was low.  
 
Ratio of indoor concentration to outdoor 
concentration (I/O ratio) is calculated daily and 
weekly. The daily I/O ratio varies from 69 to 98  % 
for the room RF1 and from 67 to 95 % for the room 
RF2. The weekly I/O ration of the UFP 
concentration is calculated of 88 % for the room 
RF1 and 85 % for the room RF2. An other study 
found that the I/O ratio in univesity classes varied 
in the range of 75-86 % depending on the seasons 
[35]. The difference of the result is understood due 
to many influenced factors that are involved during 
the measurements. Season which is one of the 
factors may cause the different results. Humidity 
and temperature are different for a different season. 
Humidity and temperature are significantly 
identified as factors influencing UFP 
concentrations [17, 39]. Othe factor affecting the 
I/O concetration ratio of UFP is ventilation system 
[ 1 1 ,  1 2 ,  3 9 ] . 
 
IV. CONCLUSION 
In summary, the measurements of outdoor indoor 
concentraions of UFP was conducted for lecture 
rooms for two weeks campaign. For the room RF1, 
the outdoor UFP concentrations were varied from 
4.4 x 103 particles/cm3 to 10 x 103 particles/cm3, 
and the indoor UFP concentrations were measured 
in the range of  1.0 x 103 particles/cm3 and 4.1 x 103 
particles/cm3. The outdoor UFP concentrations 
were found varied from 4.5 x 103 particles/cm3 to 
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9.9 x 103 particles/cm3 for the room RF2. 
Meanwhile the indoor UFP concentrations was 
measured in the range of 1.0 x 103 particles/cm3 
and 3.0 x 103 particles/cm3.  
The important results in this study is that the 
relationships between outdoor indoor UFP 
concentration was found significantly proportional 
for both lecture rooms with the linearity correlation 
was presented in the equation of y =0.2873x+2728 
for the room RF1 and y=0.651x+518 for the room 
RF2.  
The daily I/O ratio was obtained varief from 69 to 
98  % for the room RF1 and from 67 to 95 % for 
the room RF2. The weekly I/O ration of the UFP 
concentration was obtained of 88 % for the room 
RF1 and 85 % for the room RF2. 
 
V. REFERENCES 
[1] M. Mendell and H. Heath, "Do indoor 
pollutants and thermal conditions in 
schools affect student performance? A 
critical review of the literature. ," Indoor 
Air vol. 15, pp. 27-52, 2005. 
[2] J. Sundell, "On the history of indoor air 
quality and health," Indoor Air., vol. I4, 
pp. 51-8, 2004. 
[3] K. R. Spaeth, "Don’t hold your breath: 
Personal exposures to volatile organic 
compounds and other toxins in indoor air 
and what’s (not) being done about it.," 
Prev Med vol. 31, pp. 631-7, 2000. 
[4] C. Dimitroulopoulou, M. R. Ashmore, and 
M. A. Byrne, "Modelling of indoor 
exposure to nitrogen dioxide in the UK.," 
Atmos Environ vol. 35, pp. 269-79, 2001. 
[5] S. C. C. M. Lee, S. Lam, and H. K. Fai, 
"Characterization of VOCs, ozone, and 
PM10 emissions from office equipment in 
an environmental chamber.," Build 
Environ vol. 36:, pp. 837-42, 2001. 
[6] P. Wargocki, D. P. Wyon, and B. 
Matysiak, "The effects of classroom air 
temperature and outdoor air supply rate on 
the performance of school work by 
children," Indoor Air vol. 1, pp. 368-72, 
2005. 
[7] R. J. Shaughnessy, A. Nevalainen, and D. 
Moschandreas, "A preliminary study on 
the association between ventilation rates in 
classrooms and student performance,," 
indoor Air vol. 16, pp. 465-68, 2006. 
[8] M. R. Kinshella, M. V. Van Dyke, and K. 
E. Douglas, "Perceptions of indoor air 
quality associated with ventilation system 
types in elementary schools. ," Appl 
Occup Environ Hyg 
vol. 16, pp. 952-60, 2001. 
[9] J. M. Daisey, W. J. Angell, and M. G. 
Apte, " Indoor air quality, ventilation and 
health symptoms in schools: An analysis 
of existing information.," Indoor Air vol. 
13, pp. 53-64, 2003. 
[10] D. Ekmekcioglu and S. S. Keskin, 
"Characterization of indoor air particulate 
matter in selected elementary schools in 
Istanbul, Turkey. ," Indoor Built Environ 
vol. 16, pp. 169-76, 2007. 
[11] J. Kaczmarczyk, A. Melikov, and P. O. 
Fänger, "Human response to personalized 
ventilation and mixing ventilation.," 
Indoor Air vol. 14 pp. 171 7-29., 2004. 
[12] A. K. Mclikov, "Personalized ventilation. 
," Indoor Air vol. 14, pp. 157-67, 2004. 
[13] K. S. Lam, F. S. Chan, W. Y. Fung, B. S. 
S. Lui, and L. W. L. Lau, "Achieving 
‘excellent’ indoor air quality in 
commercial offices equipped with air-
handling unit – respirable suspended 
particulate," Indoor Air vol. 16, pp. 86-97, 
2006. 
[14] C. Chen and B. Zhao, "Review of 
relationship between indoor and outdoor 
particles: I/O ratio, infiltration factor and 
petration factor.," Atmospheric 
Environment, vol. 45, pp. 275-288, 2011. 
[15] S. M. Almeida, N. Canha, and A. Silva, 
"Children exposure to atmospheric 
particles in indoor of Lisbon primary 
shcools.," Atmospheric Environment vol. 
30, pp. 1-6, 2010. 
[16] C. He, L. Morawska, J. Hitchinsa, and G. 
D., "Contribution from indoor sources to 
particle number and mass concentrations 
in residential houses," Atmospheric 
Environment vol. 38, pp. 3405-3415, 
2004. 
[17] L. Fang, D. P. Wyon, G. Clausen, and P. 
O. Fänger, "Impact of temperature and 
humidity in an office on perceived air 
quality, SBS symptoms and 
performance.," Indoor Air, vol. 14, pp. 74-
8I, 2004. 
[18] H. W. Kuo and H. Y. Shen, "Indoor and 
outdoor PM2.5 and PM10 concentrations 
in the air during a dust storm," Building 
and Environment vol. 45, pp. 610-614, 
2010. 
[19] B. Pekey, Z. B. Bozkurt, H. Pekey, G. 
Dog˘an, A. Zararsız, N. Efe, and G. 
Tuncel, "Indoor/outdoor concentrations 
and elemental composition of 
PM10/PM2.5 in urban/industrial areas of 
Kocaeli City, Turkey," Indoor Air vol. 20, 
2010. 
[20] Q. Y. Meng, B. J. Turpin, L. Korn, C. P. 
Weisel, M. Morandic, S. Colome, J. 
Zhang, T. Stock, D. Spektor, A. Winer, L. 
19 
 
Zhang, J. H. Lee, R. Giovanetti, W. Cui, J. 
Kwon, S. Alimokhtari, D. Shendell, J. 
Jones, C. Farrar, and C. Maberti, 
"Influence of ambient (outdoor) sources 
on residential indoor and personal PM2.5 
concentrations: analysis of RIOPA data " 
J. Expo. Anal. Environ. Epidemiol., vol. 
15, pp. 17-28, 2005. 
[21] T. R. McAuley, R. Fisher, X. Zhou, P. A. 
Jaques, and A. R. Ferro, "Relationships of 
outdoor and indoor ultrafine particles at 
residences downwind of a major 
international border crossing in Buffalo, 
NY," Indoor Air  vol. 20, pp. 298-308, 
2010. 
[22] U. S. E. P. Agency, "Indoor Air Quality 
Tools for Schools: Actions to Improve 
Indoor Air Quality." vol. 2011, 2011. 
[23] G. Gaidajis and K. Angelakoglou, "Indoor 
air quality in university classrooms and 
relative environment in terms of mass 
concentrations of particulate matter 
              " Journal of Environmental Science and    
Health Part A vol. 44, pp. 1227-1232, 2009. 
[24] C. Godwin and S. Batterman, " Indoor air 
quality in Michigan schools," Indoor Air 
vol. 17, pp. 109-121, 2007. 
[25] J. Madureira, M. C. M. Alvim-Ferraz, S. 
Rodrigues, C. Gonc¸alves, M. C. Azevedo, 
E. Pinto, and O. Mayan, "Indoor Air 
Quality in Schools and Health Symptoms 
among Portuguese Teachers," Human and 
Ecological Risk Assessment, vol. 15, pp. 
159-169, 2009. 
[26] D. L. Liu and W. W. Nazaroff, "Modeling 
pollutant penetration across building 
envelopes," Atmos. Environ., vol. 35, pp. 
4451-4462, 2001. 
[27] D. L. Liu and W. W. Nazaroff, "Particle 
penetration through building cracks," 
Aerosol Sci. Technol, vol. 37, pp. 565-573, 
2003. 
[28] C. Long, H. S. Suh, P. J. Catalono, and P. 
Koutrakis, "Using time- and size-resolved 
particulate data to quantify indoor 
penetration and deposition behavior," 
Environ. Sci. Technol, vol. 35. pp. 2089-
2099, 2001  
[29] A. F. Vette, A. W. Rrea, P. A. Lawless, C. 
E. Rodes, G. Evans, V. R. Highsmith, and 
L. Sheldon, "Characterization of indoor-
outdoor aerosol concentration 
relationships during the Fresno PM 
Exposure Studies, ," Aerosol Sci. Technol, 
vol. 34, pp. 118-126, 2001. 
[30] B. Asgharian and O. T. Price, "Deposition 
of Ultrafine (NANO) Particles in the 
Human Lung," Inhalation Toxicology, vol. 
19, pp. 1045-1054, 2007. 
[31] W. Mo¨ller, K. Felten, K. Sommerer, S. 
G., G. Meyer, P. Meyer, K. Ha¨ussinger, 
and W. G. Kreyling, "Deposition, 
Retention, and Translocation of Ultrafine 
Particles from the Central Airways and 
Lung Periphery," Am J Respir Crit Care 
Med Vol  vol. 177, pp. 426-432, 2008. 
[32] M. Semmler-Behnke, S. Takenaka, S. 
Fertsch, A. Wenk, J. Seitz, P. Mayer, G. 
Oberdorster, and W. G. Kreyling, 
"Efficient elimination of inhaled 
nanoparticles from the alveolar region: 
evidence for interstitial uptake and 
subsequent reentrainment onto airway 
epithelium,," Environ. Health Perspect 
              vol. 115, pp. 728-733, 2007. 
[33] H. Bunn, J. Dinsdale, D. Smith, and T. 
Grigg, "Ultrafine particles in alveolar 
macrophages from normal children," J 
Thorax, vol. 56, p. 932, 2001. 
[34] K. Donaldson, D. Brown, A. Clouter, R. 
Duffin, W. Macnee, L. Renwick, L. Tran, 
and V. Stone, "The Pulmonary Toxicology 
of Ultrafine Particles," JOURNAL OF 
AEROSOL MEDICINE, vol. 15, pp. 213–
220, 2002. 
[35] J. Kearney, L. Wallace, M. MacNeill, X. 
Xu, K. VanRyswyk, H. Youa, R. Kulka, 
and W. A.J., "Residential indoor and 
outdoor ultrafine particles in Windsor, 
Ontario," Atmospheric Environment vol. 
xxx, pp. 1-11, 2010. 
[36] J. G. Wilson, S. Kingham, J. Pearce, and 
A. P. Sturman, "A review of intra urban 
variations in particulate air pollution: 
implications for epidemiologic research. 
               ," Atmospheric Environment .vol. 39, pp. 
6444-6462, 2005. 
[37] J. Cyrys, M. Pitz, J. Heinrich, H.-E. 
Wichmann, and A. Peters, "Spatial and 
temporal variation of particle number 
concentration in Augsburg, Germany.," 
Science of the Total Environment  vol. 
401, pp. 168-175, 2008. 
[38] J. Cyrys, M. Pitz, J. Heinrich, H.-E. 
Wichmann, and A. Peters, "Spatial and 
temporal variation of particle number 
concentration in Augsburg, Germany.," 
Science of the Total Environment vol. 401, 
pp. 168-175, 2008. 
[39] A. S. Hassan and M. Ramli, "Natural 
Ventilation of Indoor Air Temperature: A 
Case Study of the Traditional Malay 
House in Penang," American J. of 
Engineering and Applied Sciences vol. 3, 
pp. 521-528, 2010. 
 
 
